This study examines a method to improve a process-oriented hydrological model concept applied to another region than it was first developed for. In principle, we propose to analyse and refine each major hydrological process separately, sequentially, and iteratively. To test the method, the HYPE model concept (HYdrological Predictions for the Environment, originally developed for Sweden) was here applied to the data-sparse Niger River basin in West Africa. Errors in the baseline Niger-HYPE model were analysed to identify inadequately described processes. These process descriptions were subsequently isolated and refined through a set of experiments focusing on concept development, input data enhancement, and multivariable calibration. The refinements were guided by in situ discharge observations, earth observations, local expert knowledge, and previous studies. The results show that the original model concept could simulate the annual cycle of discharge, but not the magnitudes or daily dynamics (56-station average Nash-Sutcliffe Efficiency = −1). The main processes requiring improved descriptions were precipitation, evaporation, surface runoff, infiltration, soil storage, reservoir regulations, aquifer recharge, and flooding and river-atmosphere exchange in the Inner Niger Delta. Of these, evaporation, flooding and river-atmosphere exchange differ so much between Sweden and the Niger River that the model concept had to be refined. All refinements were synthesized in a new model version (Niger-HYPE2.0) performing significantly better across the basin (56-station average Nash-Sutcliffe Efficiency = 0.4). This study demonstrates the danger of applying a model off the shelf, and the obligation to carefully evaluate and revise process descriptions when applying a model concept to a new region. Moreover, the results indicate that our approach to separately, sequentially, and iteratively refine processes together with local experts can substantially improve process-oriented hydrological models. Hydrological models can be useful tools for operational water management and strategic planning to handle societal challenges such as floods, droughts, energy supply, infrastructure design, food production, ecosystem function, sanitation, and drinking water use. However, to be useful, they must represent the dominant hydrological processes (HP) of the region in which they are applied in order to simulate the ever-changing hydrological dynamics (Montanari et al., 2013) . In other words, a model should not only reproduce the hydrological regimes, but also provide "the right answers for the right reasons" (Kirchner, 2006) . Commonly, a single hydrological model concept (i.e., structure, equations, and code) is applied to various regions differing strongly in dominant HP, under the assumption of being
sufficiently generic to handle the differences. However, the main development of such model concepts is typically focused on dominant HP in a given region, for example, HYdrological Predictions for the Environment (HYPE) for Sweden (Lindström, Pers, Rosberg, Strömqvist, & Arheimer, 2010) and the Soil & Water Assessment Tool for the United States (Arnold, Srinivasan, Muttiah, & Williams, 1998) .
Applying them to regions where other HP dominate requires careful analysis to understand process differences, and refinement of the model concept for process descriptions that are inadequate.
In this paper, we propose a method to analyse and improve a process-oriented hydrological model concept applied to another region than it was first developed for. In principle, we propose to analyse and refine each major HP separately (i.e., isolated from other processes), sequentially (following the hydrological pathways), and iteratively (evaluating and refining one process, evaluating the entire model, refining another process, and so on). A multi-hypothesis framework is employed to test the benefit of alternative process descriptions (Clark, Kavetski, & Fenicia, 2011) . Similar stepwise approaches have been successfully applied in previous studies (e.g., Fenicia, Savenije, Matgen, & Pfister, 2008; Gao, Hrachowitz, Fenicia, Gharari, & Savenije, 2014) . Here, the proposed method is examined by applying the HYPE model concept to the Niger River basin (NRB; Figure 1 ).
The NRB is characterized by high temperatures and evaporation, a strong North-South precipitation gradient, land cover varying from tropical forest to desert, and predominantly deep sandy and laterite soils ( Table 1 ). The annual water cycle is driven by the movement of the intertropical convergence zone, creating a distinct rainy season and dry season. Rainfall is often intense and highly variable on hourly, daily, seasonal, annual, decadal, and multi-decadal scales (Conway & Mahé, 2009) . A large wetland in Mali, the Inner Niger Delta (IND; Figure 1 ), delays the river flow and evaporates on average 40% of the incoming water (Mahé, Bamba, Soumaguel, Orange, & Olivry, 2009) . Interaction between surface waters and deep aquifers is significant in some areas (La Salle et al., 2001) . In contrast, Swedish hydrology is characterized by a cold humid climate, snow, pine forest, lakes, shallow till soils with bare rocks and podzols, and very minor aquifer interactions. Data density is also much higher in Sweden than the data-sparse NRB. In terms of anthropogenic impacts, there are both similarities and differences between the regions: recent land degradation in NRB (Mahé et al., 2013) , eutrophication in Sweden (Arheimer, Nilsson, & Lindström, 2015) , and dams in both regions (Arheimer & Lindström, 2014; Zwarts, van Beukering, Kone, & Wymenga, 2005) .
Hence, to what extent can HYPE capture these differences in HP?
West Africa experienced decreasing rainfall from the 1950s to 1980s, leading to severe droughts (Conway & Mahé, 2009) . In response, a regional committee was set up to provide seasonal drought outlooks, informed by various monitoring and forecasting systems (e.g., Sheffield et al., 2014) . Since then, land cover changes and wetter conditions has increased runoff coefficients and river discharge, particularly in the Sahelian zone (Aich et al., 2015; Amogu et al., 2010; Casse, Gosset, Vischel, Quantin, & Tanimoun, 2016) . This has resulted in higher flood peaks, arriving earlier in the season (Mahé & Paturel, 2009 ). In recent years, the same trend is visible across the entire NRB (Aich, Koné, Hattermann, & Paton, 2016) , and future projections suggest floods will increase even further (Aich, Liersch, et al., 2016) .
However, the regional capacity to cope with floods is much lower than for droughts. Monthly bulletins are issued based on observations, but daily operational forecasts are not openly available so far in NRB, as in for example, Sweden (Arheimer, Lindström, & Olsson, 2011) . This is needed in order to warn for and respond to the more rapid flood events in both gauged and ungauged areas of NRB. This is a key motivation for our research.
Even though not run operationally, several hydrological models have been applied to NRB for research purposes (Aich et al., 2015;  Andersson, Ali, Arheimer, Gustafsson, & Minoungou, 2017; Hughes, 2015; Roudier, Ducharne, & Feyen, 2014; Ruelland, Ardoin-Bardin, Billen, & Servat, 2008; Schuol, Abbaspour, Yang, Srinivasan, & Zehnder, 2008; Thiemig, Bisselink, Pappenberger, & Thielen, 2015) .
These clearly show the potential for operational models in NRB.
However, they also highlight some difficulties in applying a general showing the drainage network, the Inner Niger Delta, the discharge stations, lakes, reservoirs, and sub-basins included the Niger-HYPE model. To explore the model in more detail, see the dynamic and interactive visualizations at http://hypeweb.smhi.se/nigerhype/ model concept to the basin, for example how to adequately describe the IND (Pedinotti et al., 2012 ). An operational system should also be anchored in the region, that is, linked to institutions mandated to deliver water information, and include long-term maintenance. This is another challenge, because the region is politically unstable with few skilled hydrologists.
This study focuses on three research questions:
• To what extent can the hydrological processes of an arid-tropical region (Niger River basin) be captured using a model concept developed for a cold-humid region (Sweden)?
• Which hydrological processes differ so much between the two regions that they require a refined model concept?
• To what extent can a method that sequentially and iteratively separates and refines inadequately described processes improve a process-oriented hydrological model?
| METHODS
The HYPE model concept was first applied to NRB by combining HYPE with local data, thereby creating a baseline model of NRB. Errors in the baseline model were analysed to better understand key differences in HP between Sweden and NRB, focusing on errors that required development of the model concept. Subsequently, each inadequate process description was isolated and refined in a set of experiments. The refinements focused on processes that are critical in NRB but of less importance in Sweden, or that are critical in both regions.
2.1 | Baseline model: Niger-HYPE1.0 HYPE is a process-oriented semi-distributed open-source model concept that is developed and used operationally in Sweden (Lindström et al., 2010 , http://hypecode.smhi.se/), and more recently over, for example, Europe (Donnelly, Andersson, & Arheimer, 2016) and India . HYPE version 4.6.0 was here applied to NRB using readily available large-scale data sets (Table 2) ; thereby creating the baseline Niger-HYPE1.0 model (specifically Niger-HYPE1.02, with daily temporal resolution). The model covers the entire topographic drainage system, including areas with ephemeral rivers (Figure 1 ). The NRB was divided into 803 sub-basins of variable size (on average 2,665 km 2 ) tailored to the resolution of the meteorological data. The sub-basin boundaries and the river network were derived from topography, combined with locations of major reservoirs, lakes, and discharge gauges (Table 2) . Each sub-basin was further subdivided into a set of hydrological response units (HRU), which are aggregate areas with identical land cover and soil. For
Niger-HYPE, the source data classifications were grouped into eight land cover classes and nine soil types based on hydrological properties, which in combination yielded 57 HRUs. HYPE simulates the HP at HRU level, and then aggregates the fluxes to sub-basin scale.
Subsequently, the water is routed between sub-basins through the river network and through lakes, reservoirs, and wetlands on its path to the river outlets. HYPE's inbuilt routines to simulate routing and (Lehner, Verdin, & Jarvis, 2008) Soil Harmonized world soil database (HWSD) and WISE (FAO et al., 2012 ) (Batjes, 2012) Land cover GlobCOVER (Arino et al., 2008) Reservoirs Global reservoir and dam database (GRanD) (Lehner et al., 2011) Lakes and wetlands Global lake and wetland database (GLWD) (Lehner & Döll, 2004) Precipitation WATCH forcing data ERA-interim (WFDEI) (Weedon et al., 2014) Temperature WATCH forcing data ERA-interim (WFDEI) (Weedon et al., 2014) 
| Basin-scale performance quantification
A key objective of the Niger-HYPE model is to represent the main HP of the entire NRB, also in ungauged areas. Hence, the evaluation and model refinements primarily focused on obtaining satisfactory performance across the whole basin (i.e., high average performance and low performance variability for a set of locations) using consistent process descriptions, rather than excellent performance at specific locations using individually tuned but potentially inconsistent process descriptions. The basin-scale performance was quantified by first calculating key performance criteria at each of the 56 discharge gauges available in NRB (Figure 1 ), and then deriving summary statistics to describe the performance distribution across all gauges. The model's ability to simulate daily discharge at each gauge was quantified with standard metrics, that is, the Nash-Sutcliffe Efficiency (NSE), the Kling-Gupta Efficiency (KGE), the ratio of the simulated and observed standard deviations (Variability ratio), Pearson's correlation coefficient (r), and relative error (RE) in accumulated volumes (Donnelly et al., 2016) . The latter part of the simulation period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) was selected to analyse errors and refine the model (including various calibrations, see below). This period was chosen to best match the availability of data (precipitation, temperature, evaporation, discharge) and quality of data (better from 1985), to best correspond with the static soil and land covers (around 2000) , and to contain a range of both wet and dry years. The earlier part of the simulation period (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) was retained for additional independent validation. All analyses were done with R (R Core Team, 2016).
| Experiments to refine process descriptions
The general approach to refine the model was to separate the HP in order to analyse errors and experiment with various refinements in isolation. The separation followed the hydrological pathways, Once an experiment to refine a particular process was successful, the entire basin-wide model was evaluated according to our objective of reaching adequate performance across NRB. Then we iteratively continued to isolate and experiment with another process followed by another basin-scale evaluation. This iteration continued until all major processes had been considered. Based on the experiments, all refinements described in section 2.3.1 to 2.3.6 were incorporated into a new model version named Niger-HYPE2.0 (specifically Niger-HYPE2.04).
| Precipitation
The precipitation magnitudes in some mountainous regions were not Figure S1 ). An additional adjustment, made due to low representation of the precipitation observation network in mountainous areas, was to increase precipitation by 3% per 100 m above 450 m (until maximum 100% increase) based on Swedish experience.
| Evaporation
Evaporation is a very important process in NRB, accounting for around 85% of precipitation on average. Evaporation is of less significance in
Nordic countries, and a simple algorithm based on daily mean temperature is typically used for HYPE in Sweden (Lindström et al., 2010) .
However, Oudin et al. (2005) showed that 
| Soil storage and flow paths
The baseline model displayed too quick and peaky response of discharge to rainfall events, suggesting parameters based on input data provided too little soil storage and too fast runoff. Hence, a set of experiments were carried out in which the main soil and land cover parameters regulating infiltration and percolation, soil storage (porosities and depth), and runoff (surface and subsurface recession coefficients) were calibrated using DE-MC against all discharge gauges representing each specific soil type. Because these parameters were already available in HYPE, calibration was sufficient to refine the model (no conceptual changes were necessary). All gauged catchments where a particular soil dominated were calibrated simultaneously. The obtained parameter values were subsequently used for all areas containing that soil (including ungauged areas).
| Flooding and river dynamics of the Inner Niger Delta (IND)
The vast IND wetland (up to 25,000 km 2 temporary inundated area ), significantly affects the hydrological regime by storing, delaying, smoothening, and evaporating the incoming water.
The annual flood in the IND is spread out over a large area, essentially exposing more water to the strong evaporative demand. As evaporation proceeds, the inundated areas become less and less connected, (applicable to all rivers in Niger-HYPE) were calibrated in a similar fashion for a set of reaches without major floodplains.
| Reservoirs and lakes
Reservoirs and lakes have a major impact on river discharge, altering flow regimes substantially. Hence, individual lake rating curves and reservoir regulations for the 35 largest lakes and reservoirs in NRB were defined and calibrated against nearby downstream discharge gauges. Lake and reservoir regulations were already part of HYPE and hence did not demand a refined model concept; instead, the routines originally developed for Sweden were simply applied in NRB.
| Aquifer recharge
The Iullemeden aquifer system is an important source of drinking water that underlies a significant portion of the Middle NRB. La Salle et al. (2001) showed that recharge mainly occurs through a drainage system of temporary streams and depressions during the rainy season.
Local groundwater experts indicated that the Sokoto River (a tributary to the Niger, Figure 1 ) constituted one such area of significant aquifer recharge. The baseline model did not simulate this recharge, and the Kende gauge at the Sokoto outlet suggested overestimation of discharge during the rainy season. Therefore, an experiment was set up to test a simple method to represent the recharge in which a proportion of total simulated discharge is set to continuously percolate to the aquifers (outside of the model). The proportion was individually defined for each sub-basin by linearly scaling the fraction of the sub-basin area overlying the aquifer onto a 0-40% range. Some minor manual calibration was finally done to balance volumes at Kende by simulating the tributary in isolation.
| Hortonian or Hewlettian runoff in a Sahelian tributary
Local knowledge and previous research (Descroix et al., 2009) suggest that the Sahelian zone of NRB is dominated by Hortonian runoff generation (high surface runoff due to rainfall exceeding infiltration capacity), rather than Hewlettian runoff generation (subsurface runoff as a consequence of bottom-up soil saturation). Given that most water in NRB originates from soils where Hewlettian runoff dominates (Descroix et al., 2009) , the soils were generally parameterized to simulate this behaviour. However, an experiment was also carried out to investigate whether discharge is best explained by a Hortonian or Hewlettian runoff description in the Sirba catchment (in Sahel, The performance of Niger-HYPE1.0 showed rather good correlation between simulated and observed river flow (median r = 0.66, Table 3 ).
This means that the baseline model can simulate the relative fluxes in discharge (i.e., high when it should be high and low when it should be low). Probably, this is mainly driven by the strong seasonality in the region, indicating that if the meteorological data of the rainy season are appropriate, the original HYPE concept is sufficient to simulate the relative magnitudes of discharge. However, for other metrics, the baseline model performance was poor (Table 3) 
| Model improvements through refined process descriptions 3.2.1 | Precipitation
The three experiments to refine the precipitation information (linking of grids and sub-basins, precipitation additions at high elevations, and regional scaling) improved the model substantially. Most precipitation-related errors in the baseline model were found in the mountains, and those areas also benefitted the most from refining the precipitation representation. This is for example, visible at the Faranah station in the Guinea highlands where cumulative discharge volumes (RE)
were substantially underestimated in the baseline model but improved considerably following the precipitation refinements ( Figure 4 , Figure   S3 ). Niger-HYPE1.0 is flashier than observations, while Niger-HYPE2.0 is smoother (due to the soil process refinements). Overall, however, the daily variability in Niger-HYPE2.0 (r: 0.7) is closer to observations than Niger-HYPE1.0 (r: 0.5).
Similar improvements were made in the Cameroon highlands. It is well known that the storms in this region predominantly arrive from south-west (Hall & Peyrillé, 2006) , and that most precipitation falls at the highest elevations, which are typically under-represented by observations (Adam, Clark, Lettenmaier, & Wood, 2006) . This "soft information" about precipitation patterns and topographic influence was used to relink a set of mountainous catchments that had either too little or too much precipitation. For example, at the Gouri gauge in the western Cameroon highlands, the manual linking increased annual average precipitation by 13%, leading to an improvement of 14 percentage points in the volumetric error at Gouri. Other process descriptions may also cause large volumetric errors (e.g., incorrect routing or soil storage). These were considered less plausible here based on local expert review (routing) and experimentation (reducing soil storage created too flashy response). Our manual relinking method could be automated to enable more generic application, for example, by extending the work by Andersson, Zehnder, Wehrli, and Yang (2012) that used the proportional overlying area instead of just the nearest point to define the meteorological data for a given sub-basin.
| Evaporation
Given the importance of evaporation in NRB and the substantial overestimations of discharge in many areas, a set of experiments were set up to test alternative approaches to estimate PET-the upper limit of evaporation in the model-focusing both on what PET equation to use and how to estimate its parameters.
A common problem of complex hydrological models (including Niger-HYPE) is that some parameter values cannot be identified through calibration, with the consequence that process descriptions become vague or subjective. To counteract this in the Niger-HYPE model, the potential benefit of using two variables (PET estimated from MODIS and observed discharge) instead of only one (discharge)
was assessed in the calibration. The results indicate that this simultaneous multivariable calibration does help to identify model parameters related to PET ( Figure 5 ). Essentially, the information from the two independent sources representing two different hydrological variables is balanced through the combined objective function. The peak PET of both algorithms was also delayed relative to MODIS.
The cause could be the negligence of wind and humidity cycles (with PET effects peaking earlier than for temperature and radiation), but more research is needed to understand this fully. 
| Flooding and river-atmosphere exchange of the Inner Niger Delta (IND)
Niger-HYPE1.0 had significant problems to represent the IND (Figure 7 ). Cumulative volumes were overestimated (+137%), as was the temporal variability (almost three times higher than observations), resulting in negative NSE and KGE performance metrics (Table 4) . The new HYPE module to represent floodplain and river dynamics was developed incrementally and improved the description of the delta processes considerably (Table 4) Overall, the refined model concept led to substantial improvements conceptually, visually, and for the quantitative criteria (Figures 2 and 7 , Table 4 ).
| Aquifer recharge and the Sokoto River
The experiment to represent recharge from the Sokoto River to the Iullemeden aquifer system with simple percolation fractions improved discharge simulations at the Kende gauge (Figure 8 ). The refinement particularly improved the discharge magnitudes (RE = −1% for all months, and ca. +20% for peak months), which also improved the overall performance significantly (NSE from −92 to −0.76). Still, daily dynamics remain a challenge in this area (NSE <0). In general, the modelled discharge is too flashy (i.e., responding too quickly to rainfall events). This could have been resolved by alternative soil parameterization, but because other catchments with the same soil type displayed the opposite hydrological behaviour (fast response to rainfall events), a parameter compromise was necessary. Further research is Note. KGE = Kling-Gupta Efficiency; NSE = Nash-Sutcliffe Efficiency; RE = relative error; r = Pearson's correlation coefficient; HYPE = HYdrological Predictions for the Environment; PET = potential evapotranspiration. The model performance was also quantified for the independent period 1979-1993 (Table S1 ). Generally, the performance improved in this period as well, relative to Niger-HYPE1.0 (median NSE from −2 to 0.3). However, compared with the calibration and refinement period (Table 3) , the performance was worse for the earlier period, for example overestimating discharge by 30% on average. A plausible reason is that some refinements were not as applicable during the relatively dry evaluation period (e.g., the precipitation adjustments). It also indicates that there is more variability in the catchment response than the model can represent, which has also been noted in earlier modelling studies (Conway & Mahé, 2009 3.3 | Process-oriented local calibration helps to identify suitable process descriptions in a poor-performing catchment
The performance of Niger-HYPE2.0 in the Sirba catchment was mediocre, but a local calibration targeted only on the three gauges in the catchment and the parameters that differentiates Hortonian and Hewlettian runoff generation improved performance considerably (Table 5 ). In the initial model, most runoff drains from the lowest (third) soil layer, that is, displaying a smooth Hewlettian behaviour ( Figure 9 ). After local calibration, surface runoff dominates and the model is also more reactive to rainfall events. Hence, the optimized model favours a Hortonian description of the runoff process in the Sirba catchment.
Runoff in the Sahelian zone of NRB (including Sirba) has increased since the 1970s, despite decreases and sustained low levels of rainfall. This is a regional phenomenon called the Sahelian paradox (Amogu et al., 2010; Descroix et al., 2009; Mahé & Paturel, 2009; Séguis et al., 2011) . Research suggest that an important cause of the Sahelian paradox is increasing Hortonian behaviour and ponding over Note. KGE = Kling-Gupta Efficiency; NSE = Nash-Sutcliffe Efficiency; RE = relative error; r = Pearson's correlation coefficient.
time following land degradation and soil crusting (Aich et al., 2015; Descroix et al., 2012; Favreau et al., 2009; Lebel et al., 2009 So far, the model is only able to represent the Hortonian behaviour through local calibration, and it is also constant in time.
To include the time dynamics of soil crusting, the land use change method by Aich et al. (2015) 
| Implications of refined process descriptions
The refined process descriptions significantly impact quantification of water resources, showing higher precipitation and evaporation and lower river flow than in the baseline model ( Figure 10 ). In Niger-HYPE2.0, annual precipitation was about 5% higher on average than in Niger-HYPE1.0, due to the precipitation refinements. Annual river discharge decreased substantially in Niger-HYPE2.0 (on average 25%), principally due to the refined soil flow paths and PET, leading to more water being available for a stronger evaporative demand (which increased evaporation by 10% on average). This provides an indication of the relative sensitivity of different water resources components to model refinements; that is, precipitation is least sensitive, discharge is most sensitive, and evaporation is in-between.
The refined Niger-HYPE2.0 model should generally be considered more trustworthy than Niger-HYPE1.0 because it more accurately describes the HP of NRB. Therefore, using the refined model for water resources assessments, estimating infrastructure design variables, projecting climate change impacts, and hydrological forecasting will probably result in a better quantification. Such analyses also require attention to additional factors influencing overall model skill, such as capacity to simulate extremes, accuracy of climate model projections and meteorological forecasts, and availability of real-time observations for assimilation. The fact that the refinements were done in collaboration with local scientists may also be of importance for operational use.
Local knowledge has been incorporated in the model, and both ownership and capacity in using the model has been transferred to local
hydrologists. This should increase the potential for sustainable operational use, maintenance, and further refinement of the Niger-HYPE model. 
| CONCLUSIONS
The strong discharge seasonality of the arid-tropical NRB and cold-humid Sweden could be described by the same HYPE model concept. However, it failed to adequately represent discharge magnitudes and daily dynamics in NRB. A structured approach was used in this study to sequentially and iteratively refine the model by experimenting with alternative process descriptions separately for each major HP. The most important processes that had to be modified were:
• Precipitation: The input data underestimated precipitation in mountainous areas. This was remedied through elevation-based and regional scaling, as well as by taking into account the predominant rainfall direction in the area.
• Evaporation: Low-elevation zones indicated evaporation was underestimated. This process is so different between Sweden and NRB that a revised model concept was necessary.
Hargreaves equation was used to describe PET, and multivariable calibration (against both gauged discharge and satellite-estimated PET data) was used to identify PET parameters. This resulted in more realistic PET dynamics compared with the conventional HYPE method.
• Soil storage and flow paths: Runoff was generally too quick and peaky. Hence, the soil storage, infiltration, and runoff were modified to give a smoother Hewlettian behaviour in general. However, some Sahelian tributaries favour a Hortonian runoff description, which could be described by local calibration. Additional information on, for example, soil crusting is needed to differentiate these areas in the basin-wide model.
• Flooding and river-atmosphere exchange: The delay, smoothening, storage, and evaporation caused by the annual flooding of the IND wetland were not possible to represent with the original HYPE model concept. A new module was therefore developed to explicitly simulate the flooding and river-atmosphere exchange, which substantially improved the model.
All refinements were compiled into a new model version (Niger-HYPE2.0) performing significantly better across NRB compared with the baseline model. To adjust the model to this data-sparse environment, it was necessary to not only use hydrological observations, but also to incorporate local expert knowledge, for example, regarding precipitation patterns, functioning of the IND, and spatial variability of runoff-generating processes. We conclude that our approach to sequentially and iteratively separate and refine inadequately described HP together with local experts can substantially improve a process-oriented hydrological model concept applied to another region than it was first developed for.
